INTRODUCTION
============

Sclerosing encapsulating peritonitis (SEP), or abdominal cocoon is a rare clinical condition which can lead to bowel obstruction, and its etiology is still unclear. The dense fibrocollagenous membrane, which forms several cocoons, frequently encases small bowel either partially or totally.[@B1] Reported cases of SEP were mostly noted in patients undergoing peritoneal dialysis (PD),[@B2][@B3] end-stage liver disease (ESLD) with ascites, liver transplantation (LT),[@B4][@B5][@B6][@B7][@B8][@B9] and in cirrhotic patients after peritoneal-venous shunting (PVS).[@B10] SEP has also been reported in adolescent females, the occurrence of which is potentially linked to retrograde menstruation and in patients on β-blockers treatment.[@B11][@B12] Usually, SEP is diagnosed at the time of laparotomy. Early diagnosis can be made with preoperative abdominal computed tomography (CT) scan. We herein report 4 patients with SEP, who developed SEP after living-donor LT (LDLT). Three patients were successfully treated with adhesiolysis and partial small bowel resection. Unfortunately, the fourth patient developed SEP due to chronic liver disease secondary to hepatitis C virus (HCV) recurrence while he was waiting for retransplantation. His liver function was very poor, and condition was too risky to perform any surgical intervention. The patient died from liver failure and SEP complication.

The patients provided written informed consent before the initiation of the study, which was approved by the Ethics Committee of Kyoto University in accordance with the Declaration of Helsinki of 1996.

CASE
====

Case 1
------

A 62-years-old man had hepatocellular carcinoma (HCC) on top of chronic HCV. The patient previously underwent esophageal variceal ligation. The patient was on warfarin treatment for portal and superior mesenteric vein thrombosis. At the time of admission, he had massive ascites and the Child-Pugh classification was B. The patient underwent LDLT and splenectomy in December 2010. A left lobe was used as a graft harvested from his brother. After LT, the patient was readmitted several times to our clinic due to cholangitis secondary to anastomotic biliary strictures and was managed by percutaneous transhepatic biliary drainage (PTBD) and balloon dilatation. Eight months after transplant, he returned with a complaint of nausea, vomiting, and abdominal distension. The laboratory values were: white blood cells (WBCs) 6.7×10^9^/L, hemoglobin (Hb) 10 g/dl, platelet count (PLT) 348,000/µl, aspartate transferase (AST) 39 IU/L, alanine transferase (ALT) 32 IU/L, gama-glutamyl-transferase (GGT) 295 IU/L, alkaline phosphatase (ALP) 1,094 IU/L, total bilirubin (T.bil) 0.7 mg/dl, creatinine (Cr) 1.5 mg/dl, and C-reactive protein (CRP) 2.6 mg/dl. An abdominal computed tomography (CT) scan revealed remarkable ascites, thickening of the peritoneum, fibrous membranes surrounding the small intestine leading to paralytic ileus, and eventually mechanical intestinal obstruction ([Fig. 1](#F1){ref-type="fig"}). The CT scan findings were consistent with SEP. On laparotomy, we found the small intestine encapsulated by a fibrous membrane. We removed the fibrous membrane, and subsequently, total adhesiolysis and enteroclysis were performed ([Fig. 2A, B](#F2){ref-type="fig"}). The postoperative course was uneventful, and the patient was discharged.

Case 2
------

A 54-years-old man suffered from chronic HCV infection and was a chronic carrier of Human T-Cell Lymphotropic Virus (HTLV). At the time of admission, a huge HCC was detected in the right liver lobe that was complicated with portal vein thrombosis (PVT), and lung metastases during his surveillance in 2007. After receiving two cycles of interferon/5-fluorouracil (IFN/5FU) therapy by hepatic artery infusion, the tumor shrank and follow-up chest CT images had been negative since then. Right hepatectomy was performed. In 2008, the patient underwent splenectomy to increase platelets count. In August 2014, the patient underwent LDLT for end-stage of liver disease secondary to liver cirrhosis and the Child-Pugh classification was B. Right lobe liver graft was used. The postoperative course was uneventful and the patient was discharged. On the 59th postoperative day, the patient developed fever and abdominal pain. Further examination revealed hepatic artery pseudoaneurysm and intraabdominal fluid collection. Coiling embolization and fluid collection drainage were performed. Enterococcus was detected in the sampled drained fluid. In July 2015, the patient had repeated ileus episodes. Abdominal CT scan revealed small intestinal loops encased by a fibrous sheath with secondary ileus ([Fig. 3](#F3){ref-type="fig"}). The laboratory values were: WBC 7.7×10^9^/L, Hb 11.5 g/dl, PLT 337,000/µl, AST 21 IU/L, ALT 16 IU/L, ALP 397 IU/L, GGT 56 IU/L, T.Bil 0.4 mg/dl, D.Bil 0.1 mg/dl, albumin 2.7 g/dl, Cr 0.9 mg/dl, and CRP 0.2 mg/dl. The patient did not respond to conservative treatment, and could not tolerate oral feeding, so we decided to perform surgery. An exploratory laparotomy revealed extensive membranous adhesions in the abdominal cavity. The entire small intestine was wrapped around with the fibrous membrane, consistent with intra-abdominal cocoon ([Fig. 4](#F4){ref-type="fig"}). Subsequently, the fibrous peel was removed and adhesiolysis was performed. The patient\'s postoperative course was uneventful and he was discharged thereafter.

Case 3
------

A 63-years-old man suffered from ESLD secondary to HCV cirrhosis. The patient underwent LDLT in July 2002. Previously, the patient had received interferon and ribavirin treatment for HCV recurrence. Five years after transplant, the patient developed refractory ascites due to PVT, and warfarin administration was started. The patient had suffered from hepatic encephalopathy (HE) in November 2015 and spontaneous bacterial peritonitis (SBP) in February 2016, respectively. The patient developed portal hypertension and chronic liver disease. The liver function was poor, and he was on the waiting list for cadaveric liver transplantation. The Child-Pugh classification was C. Due to deterioration in condition; he was admitted to the intensive care unit (ICU) in October 2016. He had HE, and his laboratory values were: WBC 4.3×10^9^/L, Hb 9 g/dl, PLT 63,000/µl, AST 19 IU/L, ALT 16 IU/L, GGT 26 IU/L, ALP 360 IU/L, T.bil 1.5 mg/dl, CRP 0.7 mg/dl, Cr 1.5 mg/dl, and PT/INR 1.9. Blood ammonia level was 193 µg/dl. An abdominal CT revealed ascites, splenomegaly, and PVT with collateral veins. The CT scan also showed the presence of a fibrous sheath around the intestine with intestinal dilatation ([Fig. 5](#F5){ref-type="fig"}). According to these findings, a diagnosis of the abdominal cocoon was made. We considered doing a surgical intervention but the liver function and clinical condition of the patient worsened and unfortunately, we lost the patient.

Case 4
------

A 60-year-old man had ESLD due to liver cirrhosis secondary to chronic HCV. He underwent LDLT in July 2003. Ten years after LT, a relapsing HCV episode was treated with interferon administration. Recurrent episodes of cholangitis due to biliary stricture, with hepaticojejunostomy, carried out. In 2014, the patient was diagnosed with diabetes mellitus, coronary artery disease, and chronic kidney disease. Subsequently, he underwent coronary artery stenting and peritoneal dialysis. In December 2016, the patient experienced abdominal pain, nausea, and vomiting. Abdominal CT revealed ascites, small bowel dilatation, and peritoneal wall inflammation consistent with sclerosing peritonitis ([Fig. 6A](#F6){ref-type="fig"}). The patient was admitted to our clinic, and conservative therapy was started (oral intake was stopped, a nasogastric tube was placed for decompression, and intravenous fluid was given). At the time of admission, his laboratory values were: WBC 4.5×10^9^/L, Hb 8.6 g/dl, PLT 86,000 /µl, AST 45 IU/L, ALT 39 IU/L, GGT 210 IU/L, T.bil 1.0 mg/dl, D.bil 0.7 mg/dl, albumin 2.7 g/dl, PT/INR 1.05, Cr 5.95 mg/dl, and CRP 0.5 mg/dl. Despite conservative treatment, no improvement in the patients\' conditions was observed. Repeated abdominal CT showed that contrast material did not pass through the colon, and the ileus continued ([Fig. 6B](#F6){ref-type="fig"}). Surgery was decided and laparotomy was performed. At laparotomy, we found dense, thick fibrotic peel wrapping loops of small bowel ([Fig. 7](#F7){ref-type="fig"}). After the excision of the peel, an edematous appearance of the affected ileal loops was found and multiple serosal injuries occurred during dissection. Around 30 cm of the affected ileal segment was resected and end-to-end anastomosis was performed. The patient developed fever and abdominal pain on the 8th postoperative day, and on further examination, an anastomotic leakage was detected. The patient was reoperated, and ileostomy and abdominal washing were performed. The postoperative course was uneventful, and the patient was discharged. After 3 months, the patient was readmitted and the stoma was closed.

DISCUSSION
==========

To the best of our knowledge, this is the first case series describing four SEP cases all following LDLT. All patients had no evidence of SEP before or during LT. A wide variation for post-LDLT intervals till the development of SEP findings was seen in all the 4 cases; 8 months, 12 months, 13 years, and 14 years, respectively. Homogeneous immunosuppressive therapy of Tacrolimus and Mycophenolate sodium was adopted in the 4 cases.

All 4 patients had a history of potential sepsis on SEP diagnosis. Three out of 4 patients had ascites. The first patient had an anastomotic biliary stricture and possible biliary leak which might have contributed to SEP development. The first and the fourth patients experienced multiple episodes of cholangitis, which were managed by PTBD or hepaticojejunostomy, respectively. The third patient had a history of SBP, while the fourth patient had peritoneal dialysis.

All the patients presented with obstructive gastrointestinal symptoms. Initially, contrast studies were performed in all the four cases and delayed transit time for the contrast material to pass through the small intestine was observed for all patients. On abdominal CT, abdominal cocoon findings were detected. The third patient exhibited extremely poor liver function at the time of SEP diagnosis to perform surgery. Unfortunately, the patient was lost due to deteriorated liver failure and SEP complications. The other three patients were successfully operated upon (mortality rate was 25%). Until now, all the 3 patients are doing well, without SEP recurrence.

Only 2 case series and 3 case reports regarding SEP after LT were previously reported.[@B4][@B5][@B6][@B7][@B8] Maguire et al.[@B4] described the development of SEP in 5 patients within 2 months after LT. As per the report, 3 patients underwent deceased donor LT and 2 patients received right lobe grafts from living donors. The contrast studies and abdominal CT scans findings were consistent with the results of our study. All patients underwent adhesiolysis. One patient died due to intracerebral infarction and pulmonary aspiration. Mortality rate was 20%. However, a specific pre-LT history with regards to ascites or SBP was not illustrated. It is hypothesized that such conditions could play a substantial role in the pathogenesis of SEP. The second case series published by Mekeel et al described 3 SEP cases, of which one case was a retransplantation.[@B5] One patient was diagnosed with SEP during LT, and the other 2 cases were diagnosed 4 and 5 months after LT, respectively. However, a pre-LT history of refractory ascites, multiple paracentesis, and SBP was reported in this series. Two patients had encasement of their grafts, which subsequently resulted in biliary and outflow obstruction. Adhesiolysis was performed in all the cases but unfortunately, the mortality rate was 100%. Causes of mortality were sepsis and multiorgan failure.

Few reports have demonstrated the development of an interesting gender distribution of SEP cases after LT. Until date, a total of 16 cases including ours have been reported in the literature, and only one of them was a female. However, a causal association between SEP and gender is still unproven.

The pathogenesis of SEP remains unclear; however, it is believed that both chronic irritation and inflammation triggers this condition. The SEP can be fatal, as evident from published literature. Immunosuppression has been proven to exacerbate the symptoms of the disease resulting in delayed diagnosis. Therefore, correct and early diagnosis is important. Pre- and post-transplant sepsis-suggestive history (SBP, PD, ascites or paracentesis) should be borne in mind. Generally, surgical intervention (adhesiolysis and small bowel resection) is necessary for SEP treatment. However, Takeuchi et al. reported successful treatment of SEP in LDLT patient with tamoxifen.[@B8] Tamoxifen was occasionally used as a therapeutic option in 4 SEP cases.[@B13] Moustafellos et al.,[@B14] reported that tamoxifen treatment led to improvement in SEP in 2 cases, diagnosed after kidney transplantation. Tamoxifen probably interferes with transforming growth factor beta-1 (TGF-beta-1) and is thus regarded as potentially useful in the treatment of SEP.[@B15]

Reaching to preoperative diagnosis of SEP could be puzzling. High threshold of suspicion is required. Abdominal CT scans are pivotal. The prognosis for SEP is poor in patients with poor graft liver functions which need to be optimized prior to prompt surgical adhesiolysis. Endoscopic drainage might be better than PTBD for management of biliary stricture with respect to SEP prevention.

![Abdominal computed tomography (CT) scan reveals remarkable ascites, thickening of the peritoneum and fibrous sheaths surrounding the small intestine, and presence of a mechanical intestinal obstruction.](ahbps-22-144-g001){#F1}

![On laparotomy, the small intestine appears to be encapsulated with a fibrous peel (A). We removed the fibrous membrane, and a total enteroclysis was performed (B).](ahbps-22-144-g002){#F2}

![Abdominal CT scan reveals small intestinal loops encased by a fibrous sheath with secondary ileus and fluid collection.](ahbps-22-144-g003){#F3}

![Small intestine wrapped around in a fibrous membrane, consistent with intra-abdominal cocoon. The fibrous peel was removed and adhesiolysis was performed.](ahbps-22-144-g004){#F4}

![Abdominal CT reveals ascites, splenomegaly, and portal vein thrombosis with collateral veins (A). The CT scan also shows the presence of a fibrous sheath around the intestine with intestinal dilatation (B).](ahbps-22-144-g005){#F5}

![Abdominal CT reveals ascites, small bowel dilatation, and wall inflammation consistent with sclerosing peritonitis (A). Repeated abdominal CT shows that contrast material did not pass through the colon, and the ileus continued (B).](ahbps-22-144-g006){#F6}

![Thick fibrotic peel wrapping loops of small bowel.](ahbps-22-144-g007){#F7}
